Abstract. There is no controversy in psychology or brain sciences that brains create mind and consciousness. Doubts and opinions to the contrary are quite frequently expressed in non-scientific publications. In particular the idea that conscious mind is received, rather than created by the brain, is quite often used against "materialistic" understanding of consciousness. I summarize here arguments against such position, show that neuroscience gives coherent view of mind and consciousness, and that this view is intrinsically non-materialistic.
Introduction
In recent decades molecular biology, neuroscience and cognitive sciences have made great progress in unravelling the mysteries of life, understanding how organisms function and control their behavior. Already at the end of the 19th century dualistic explanation placing soul that animates the body as the center of cognition has been abandoned in scientific literature.
Why minds cannot be received, but are created by brains
W ŁO DZ I S ŁAW D U C H
In philosophical literature the psycho-physical problem is still a matter of discussion and speculation, but cognitive sciences, including psychology, neuroscience, artificial intelligence and the science of consciousness (Dehaene 2014) Awareness based on perception, attention and reaction to environmental events is omnipresent in animal kingdom and has already been implemented in robots (Edelman 2006 (Edelman , 2007 Cruse H. & Schilling M. 2015) . Social animals need sophisticated communication. Human brains have sufficient power to develop the ability to comment on the state of their internal models (perceptions, associations, thoughts) using rich symbolic language. Without such language internal narration describing the stream of mental events is quite poor. The behavioral reactions of animals reflect their mental processes, such as reading intentions and anticipation of actions of other animals, planning coordinated actions during hunting. Motor activity of dogs in sleep seems to be a result of dreams. In the brains of animals neuronal space available for association and self-reflection is limited, but many mammals and even birds have complex social life, and primates develop sense of justice and unique cultures (de Waal 1996 (de Waal , 2005 .
W H Y M I N D S CA N N OT B E R E C E I V E D, B U T A R E C R E AT E D B Y B RA I N S
Scientific ideas are difficult to comprehend without proper education.
Traditional explanation of mind as "a ghost in the machine" is much simpler, intuitively compelling and deeply entrenched in our culture. There are good evolutionary reasons for this situation (Bering 2006 ). They do not
give any understanding of specific issues, cannot be verified, but for most people are satisfactory. Mental processes are qualitatively quite different from physical processes, but qualitative differences are frequently seen in science as different facets of the same phenomenon. Two explosive gases mixed together make water with completely different properties. Images on game console screen, sounds of personal assistant produced by smartphones, are qualitatively different than currents or voltages flowing through the integrated circuits, but images and sounds that carry rich information are just another interpretation of the activity of electronic systems. The same information may also take form of electromagnetic waves, passed from the satellite. Expression of this information needs physical system that can change it into signals stimulating our senses (or directly our brains).
Mental states are qualitatively different than neural activity of the brain, but they are just another interpretation of neurodynamics. Expression of these states requires body movements, gestures, speech.
In this paper I will summarize arguments that show why mind cannot be received from external sources. Next I shall discuss relations between matter, form and information, introducing the concept of dynamical form.
A short discussion on relation of our current knowledge to traditional ideas closes this paper.
Baggage of the antiquity
The need to understand the world, explain observations and predict what will happen, led to development of language and creation of mental models.
Concepts were gradually introduced, from simple symbol designating objects and actions, to metaphors helping to explain some phenomena and understand intentions. Concepts that initially referred to concrete objects, for example the Greek word anemos, that initially meant wind or breath, For him "the soul is in some sense the principle of animal life", so the study of the soul "must fall within the science of nature". Many ideas discussed in ancient works seem rather strange to scientists today. Some ideas that were discussed in Aristotle times seemed unreasonable to him, for example the soul as a self-moving number. His conclusion is that souls are needed to distinguish objects that are capable of living, performing their natural functions (seeds, fruits, animal bodies), from those that are unable to do it.
Moreover, since various "powers" or functions of living things are different it makes sense to categorize souls according to at least three powers: nutritive There must be something in addition to the matter that animates it, and this animating principle was at his time called soul. Is it just the special form of the matter, or is it something in addition to the matter? The animal body changes from birth to death, but life force is present. The simplest explanation is that souls of animals and humans continue to animate the body, but are inseparable from the body. Aristotle rejected the idea of souls independent of the body opting for a holistic idea that is known as hylomorphism. Living things are composed of matter, but it has a complex form. They are alive as long as this form is not significantly damaged.
Specific form makes activity of things, animals and people possible, so form is their soul.
Hylomorphism has been embraced by theologians, especially in Thomas Aquinas tradition. The idea of form as the essence of life can be extended to dynamical forms, and reconciled with neuroscience's view of the mind.
Current research on consciousness has reviewed many speculations related to the mind-body relation, including quantum processes, panpsychism, nonreductive naturalistic dualism and many others. The idea that brain matter needs some external guidance to explain mental processes has not yet been universally rejected in philosophy, although the only progress in understanding minds has been done in cognitive sciences. There seems to be a general agreement that some brain functions, such as perception, attention, sensorimotor actions, are brain functions that are explained in details by neuroscience. We understand these functions and have implemented some of them in robots (Edelman 2006 (Edelman , 2007 . The controversy has focused on conscious mental states and creation of subjective experience. Here the idea that conscious mind is received by the brains is still discussed. For example, John Eccles and Karl Popper wrote: "…we have to recognize that we are spiritual beings with souls existing in a spiritual world as well as material beings with bodies and brains existing in a material world" (Eccles & Popper 1989, 241) . To explain how souls interact with brains Eccles has proposed a strange quantum hypothesis of "psychons". Search for the soul at the quantum level continues (Beauregard & O'Leary 2007) . Such approaches do not try to explain facts known from cognitive psychology or neurosciences.
Internet search for "brain as a receiver of consciousness" shows thousands of web pages that make such claims, although they are rarely published in scientific journals (Sleutjes et al. 2014) .
Stories invoked to sustain dualistic ideas are connected to the near-death experiences (NDE). Exiting body, seeing it from above, moving to other places during the cardiac arrest period and other such reports have anecdotal status.
Attempts to verify that the out-of-body experiences reported by people that were resuscitated are real led to a large scale AWARE (AWAreness during REsuscitation) project, lasting 4 years. 15 medical centers were involcd and over 2000 cases have been examined. Review of the results (Parnia 2014) has not confirmed reality of these experiences, not a single subject has read 
Consciousness as a function of the brain
Claims that "mind" or "consciousness" is received by the brain from some external source -called here mind or soul -have not defined precisely which functions of the mind or consciousness are received. The vegetative or responsive faculties are rather noncontroversial, there is nothing to receive.
The rational soul has been equated by Aquinas with mind and intellect: 
Complexity of brains
Everything in biology at molecular and cellular level is incredibly complex.
These complex processes in worms or insects produce relatively simple functions allowing for feeding and reproduction. Ticks will wait for months on grass or leaves for their victim. Their behavior is fairly simple but is supported by great complexity of insect organism, genetic, biochemical and neural processes. Human brains have the most complex structures in the known Universe, enabling complex mental states (Bassett and Gazzaniga 2011) . body with the brain that has a great potential or development is born, but the Self is formed over the years, starting from simple inborn reflexes, to development of perception, language, the theory of mind and the ability for moral reasoning. I could have not been born at another time in history or in another country. A child born in China, even from the same parents, would develop quite different Self. Some character traits that are due to the genetic factors could be similar, but the view of the world, value system, the feeling of personal identity in relation to other people would reflect local culture, and so personal identity would be different.
Individual identity is closely related to experience and memory encoded in the substrate of brain matter. Only a very small percentage of brain processes are consciously accessible and may be perceived at the mental level.
Regulation of life processes in such complex organism is done by homeostatic mechanisms that are not accessible to the conscious Self. The Self is not able to control cell growth, homeostasis or neural processes required to make the simplest movement. Neuronal activity changes very rapidly synchronizing multiple cortical and subcortical brain areas. The brain has learned to label (assign words) activation that happens repeatedly, and these labels are used for communication, pointing to the events and objects in the world, or to internal states (imagery, thoughts). Inner perception includes emotional value associated with mental states. According to the "radical plasticity"
hypothesis of Cleeremans (2011) brains learn to be conscious, predicting their own internal activity as well as the consequences of external actions on the world and on other agents.
Comparing to complexity of brain processes mental processes are rather simple. Behind each conscious decision, each thought or gesture, large synchronized activity of the most complex machinery imaginable is hidden. Mind-brain relations, or subjective-objective perspectives on human behavior, may be summarized in a metaphor: Mind is a shadow of neurodynamics (Duch, 2012) . Neural activity may be measured using various techniques: EEG, MEG, NIRS, PET, fMRI, while mental events are represented by qualities recognized in the inner experience. Sometimes this experience is hard to describe, for example in the unusual brains states (in dreams, illusions, psychoactive drugs, or direct brain stimulation), or in situations when the brain has not yet learned how to interpret new experiences (Schwitzgabel, 2011) .
Brains support minds because their structure has enormous complexity.
Chips in computers and smartphones contain billions of elements and therefore enable many complex functions. They are "dead" when the energy source (battery) is disconnected and spring to life when energy is supplied.
Electronic devices need power supply to function, but their "soul" is in their whole organization, connection structure, memorized programs and data.
Brains also need energy to function, but the essence of their identity is in their complex structure that is learned from individual experiences (Bassett and Gazzaniga 2011) . Learning is reflected in mental processes; new ideas are grasped with considerable effort that cannot be explained by reception of some processes.
If human brains were controlled receiving behavioral instructions from souls they would have to be even more complex than the brain/organism itself. Ability to survive would then depend on soul detailed knowledge of the physical world. (Rumelhart and McClelland, 1986) .
No function for souls
In ancient times souls had precise functions: animation. Thomas Aquinas followed Aristotle postulating three kinds of souls for different types of
We have no problems understanding plant growth, explained by topobiology, and sensory-motor animal behavior. There is no more need for animation than in case of explosive chemical reactions.
If brain is a receiver of consciousness then what exactly is it receiving?
Not the information that comes from senses or that is recalled from episodic memory. I am aware of sounds because my auditory cortex reacts to stimuli coming from the auditory nerves. Sounds are changed to neural impulses and decomposed into pitch, timbre, rhythm, or speech-specific reactions.
There is nothing missing in this process, nothing for souls to do. I can recognize melodies, name the objects in front of me, because there is a flow of neural information to the recognition memory and a link with motor cortex storing phonological labels for brain activations. Processing steps from retina to inferior temporal cortex to speech areas are unraveled with growing number of details, and this knowledge is used as inspiration by computer vision systems.
Various forms of agnosia and anomia result from damages to the specific brain areas and processing pathways, and can be understood in terms of (Gandhi et al. 2015) . This is a result of specific way that visual cortex is analyzing the information and neural models explaining such illusions exist. The same image may lead to different conscious experiences Carpenter already in 1852 described the muscular movement independent of conscious desires or emotions. The reverse situation is also possible: we may not be acting being convinced that we are. Subjects may be induced to believe that they have performed some actions, or that their actions are achieving far more than they in fact are (Wegner 2002). Conscious acts of will must arise from somewhere; otherwise there will be an infinite regress: to will to will to will … Although we may be convinced that our decisions are free, initiated by conscious self, stimulation of the dorsolateral prefrontal cortex (DLPFC) with magnetic pulses or electric currents may significantly change them. The feeling of intention to act has been invoked by direct stimulation of the parietal cortex (Desmurget et al. 2009 ). Also neuropharmacological manipulation may have strong influence on decisions (for example, using oxytocin in spray). Brain stimulation may even induce immoral behavior (Glimcher & Fehr 2003) . The sense of agency and free will is generated by the brain as a result of external as well as intrinsic processes, not because of some signals received from souls. The only way to interpret our current knowledge about volitional processes is to assume that both conscious willing and action that follow or precede the feeling of will are the effects of a common unconscious brain processes (Hallet 2016).
Animal minds
The unity of nature is manifested at many levels, from molecules, proteins, genes, signaling pathways, biochemical cycles, body and brain structures, common to most animals. Reward, fear, arousal, affective, social and cogni- are also a part of me at mental level, they allow me to function in a way I would not be able without them.
After heart transplantation more blood goes to the brain, neural networks function in a different way, and the stream of consciousness generated by brain activity becomes different. New thought associations may spontaneously arise, personal identity may be disrupted (Mauthner et al. 2015) . If blood does not reach some parts of the brain, as it happens rather frequently in case of ischemic stroke, some functions are lost. In psychology Self is understood as cognitive and affective representations of one's identity. Therefore Self has many aspects, it is not a unified entity. Experiments show that reaction to self-referential verbal, spatial, emotional and face recognition stimuli, when the task is to distinguish self from others, activates a whole network of cortical midline structures. These structures are placed deeper in the brain and therefore better protected from mechanical injuries. They link the surface of the cortex and limbic/ brain stem structures (Northoff et al. 2006) .
Normal conscious experience requires activity that is both distributed over many local subnetworks, and integrated over most of the brain. It cannot be localized in one brain area. A complex dynamics of the whole neural system is involved in such processes. PET and fMRI studies show brain activity in normal awake subjects. Similar activity is seen in completely paralyzed locked-in subjects. Reduced neural activity is observed during anesthesia, disintegrated local activity persists in minimal consciousness states, and almost no activity is left in vegetative states of consciousness.
Various mathematical measures are derived from brain signals to estimate the level of consciousness. Complexity of the structure is not sufficient by itself:
cerebellum contains 80% of all neurons in the brain, but it's neural networks do not have sufficiently diverse structures to support various functions aspects of conscious information processing (selective attention, access to sensory and associative cortices implementing various forms of memory).
What can the concept of soul add to understanding of my personal identity? Suppose that some information about my Self could be preserved after the death of the body. Will using this information to restart conscious processes in a robot, or some resurrected body, or many identical copies of my brain and body, constitute me as the same person? Information by itself is not sufficient to create mind, but the same information embodied in identical physical system should duplicate all mental processes. Cloning the whole person should then create many identical selves, each feeling to be genuine but separate from others. They may think and feel like me but will not be me. This is a strange question, discussed in length by Hofstadter and Dennett (2001) . Disembodied mind in some other world does not subsume my Self. Consciousness that is not connected to my Self cannot be mine.
Artificial Intelligence and the mechanics of cognition
Suppose that souls are indeed necessary to create intellect. Attempts to develop systems that think and perform similar functions as brains should then fail. Alan Turing has discussed this idea as one of possible objections against the possibility of building thinking machines, calling it a theological objection: machines have no souls, so they may not be able to think. He himself did not take this argument seriously, believing that computers should be able to pass intelligence test. What was only a belief in 1950 becomes reality in our times. Although logical approach to artificial intelligence, based on discrete symbols, failed to solve many AI problems hardware advances (speed and memory capacity) combined with new search and pattern-based algorithms gave spectacular results. In 1995 Chinook 
Matter, form and information
Claiming that brain is a receiver of consciousness is equivalent to claiming that we have no idea how it works. This is simply ignorance, because we do know a lot about mechanics of brain processes, and know how to implement some of these mechanisms in artificial systems. The dualistic concept of soul is untenable for many reasons, some of which have been presented above. Connection of disembodied entities to material world has always been problematic. The hylomorphic understanding of mind in philosophy does not suffer from such problems. Mind may be understood as the specific form of highly organized matter that enables conscious processing of information.
However, the concept of form has to be extended to account for dynamical nature of cognition.
Dynamical forms
Matter is a form of energy, as we know from physics. 
Conclusions
Hylomorphism regards every physical object as a compound of matter and form. Form may be understood as specific organization of matter. which what is potentially possible may be actualized and become conscious experience. Dynamical form is an information process that changes the state of matter, but not the matter itself. Mind is thus truly non-materialistic, based on dynamical forms that exist only potentially, and is actualized by neurodynamics in a way that depends on many circumstances, including W ŁO DZ I S ŁAW D U C H personal history. Self-observation of dynamical forms creates the spotlight of consciousness (Baars 1997) .
Summarizing arguments presented above that the brain creates rather receives mind or conscious experience:
1. All functions proposed for souls have found natural explanations, so this concept has absent referent. Rational soul is equivalent to mind or intellect.
2. Mind is not monolithic, but a collection of many specialized functions. Mind received by the brain is not an intelligible concept. 3. Consciousness is not a thing that can be received, but a process that depends on the brain neurodynamics, parts of the brain commenting on states of other parts.
4. Detached minds would have to know all about this world to be able to transmit anything relevant to our activity and experience.
5. Even simple animal behavior is based on very complex physical processes; biological organisms are incredibly complex for a good reason.
6. Complex conscious experience must be supported by distinct patterns for different mental states, and that requires sufficiently complex substrate.
7. Brains are the most complex substrates in the known universe; such complexity is necessary for creation of mental states. Transmitter should be more complex than receiver. 10. Damages to the specific brain areas lead to strange neuropsychological syndromes, showing how experience is constructed by the brain. Auditory and visual illusions arise due to the specific construction of sensory cortices.
11. Personal identification is based on memory and brain/body processes, it is also changing from infancy to the old age; one cannot identify with detached mind that is received.
12. The structure of connections and neural properties determines types of personality; it cannot depend on something received.
13. Some aspects of the neural processes responsible for perception, decision making and planning are already known and can be captured in artificial intelligence software. Although I have focused here on arguments showing how brains create minds it should be remembered that only a coarse structure of the brain is Therefore it may also be said that minds create brains through top-down causality. This position has been central to non-reductive physicalism of Nancy Murphy (2006) , who has also asked what is left for a soul to do?
The concept of a dynamical form presented here is indeed an emergent phenomenon. Although it needs material substrate it cannot be reduced to physical reality.
